Introduction
Current and future climate change is a global issue that can be addressed only by international cooperation. Climate modelling is a useful tool for a better understanding of climatological processes but is significantly enhanced by the knowledge of organisms and changing biodiversity in deep time. The midPalaeozoic was a time of rapid, fundamental change in Earth's climate systems resulting in significant sea-level fluctuations and catastrophic changes in ocean chemistry producing global oceanic anoxia. Ecosystems were severely impacted by a series of mass extinctions and ecological perturbations (e.g. virtual loss of reef ecosystems) that fundamentally changed the trajectory of life on Earth. Fluctuations in the physical environment during these biotic crises are usually (but not always) revealed in the sedimentary record as black shales and as geochemical excursions in Devonian sediments. Regardless of methodology, all the analyses conclude that the midPalaeozoic was a time of multiple anoxic events and associated biotic crises that spanned many millions of years. Thus, an understanding of the major abiotic and biotic factors that shaped our planet and its ecosystems in the past is essential to the understanding of natural processes and the effects of human-induced global change at present and for forecasting possible future developments. In other words, knowledge on past systems is essential if we want to model future climate with confidence. Furthermore, it seems important to increase knowledge in areas and countries which are underrepresented in terms of climate change and event research in the midPalaeozoic. In that respect, IGCP projects, supported by IUGS and UNESCO, serve as door-opener in many countries. In the framework of the IGCP 596, we visited many countries in several continents. Fieldwork was often difficult and a real challenge ( Figs. 1 and 2) .
Regardless of methodology such as geochemistry, geophysics or facies analysis, the detailed knowledge of fossils is crucial. Thus, alpha taxonomy remains the fundamental basis for any investigation of the evolution of life on Earth, including fields of phylogenetic analysis, historical biodiversity, biogeography and biostratigraphy. Today, there is a lack of awareness of the fundamental importance of systematics and/or biostratigraphy. Taxonomy is crucial to high-resolution biostratigraphy. The ongoing decline in research and expertise in that special field in palaeontology jeopardises future macroevolutionary and biostratigraphic studies. Thus the collaboration between IGCP 596 and the international Subcommission on Devonian Stratigraphy (SDS) also tried to involve specialists working on different fossil groups to the extent possible. In that sense, many progress reports related to the revision and erection of new taxa were linked with the Palaeobiology Database (http://paleodb.org/).
Increasing knowledge on biodiversity patterns and climate changes in Earth's history by international cooperation: introduction to the proceedings IGCP 596/SDS Meeting Brussels (2015)
Past activities and future challenges
The International Geoscience Programme (IGCP; project 596 on Climate Change and Biodiversity Patterns in the MidPalaeozoic) and the SDS look back on a long-lasting, fruitful cooperation producing a very large number of scientific papers as well as special issues and books for the general society (e.g. Becker and Kirchgasser 2007; Königshof 2009; Brett et al. 2011; Becker et al. 2016; Suttner et al. 2016; Mottequin et al. 2017, this issue) , which greatly increased knowledge in many respects. The primary goal of IGCP 596 was to assess the intensity of mid-Palaeozoic climate change and its impact on biodiversity both in marine and terrestrial successions. After five successful years of international research, the project received the OET (on extended term, without funding) status in 2016. Consequently, 2017 was the last year of the project and it is the aim of the co-leaders and other colleagues to summarise the main results of the project in a 'review' publication.
Meanwhile, some colleagues have established a successor IGCP project on magnetic susceptibility and cyclostratigraphy. Milankovitch cycles (obliquity, eccentricity and precession) result in changes in the distribution of solar energy over seasons, as well as over latitudes, on time scales of ten thousands of years to millions of years. These changing patterns in insolation have induced significant variations in Earth's past climate and, as a consequence, on biodiversity patterns. In recent years, major improvements of the Geologic Time Scale (GTS) have been proposed through the application of cyclostratigraphy, mostly for the Mesozoic and Cenozoic. However, for the Palaeozoic, major uncertainties (> ±1 Myr) on the numerical age of stage boundaries still exist. In order to reduce these uncertainties, and thus to improve the precision and accuracy of the Palaeozoic time scale, we intend to explore the application of cyclostratigraphy and astro chronology. The new IGCP project (IGCP 652; Reading geologic time in Paleozoic rocks: the need of an integrated stratigraphy; 2017-2021) which was accepted in February 2017 will improve our knowledge of the Palaeozoic climatic system and its sensitivity to Milankovitch climate forcing. The leaders of the successor project (for further information please contact http://www.geolsed.ulg.ac.be/IGCP_652/index.html) are committed to continuing the excellent collaboration with SDS and participation is most welcome! 
Contributions to the special issue
The Special Issue on 'Climate change and biodiversity patterns in the mid-Palaeozoic' includes 18 significant contributions that are sorted roughly in a stratigraphical order (Early Devonian to Early Carboniferous). The publications have a focus on biostratigraphy, events in the Palaeozoic, sedimentology/facies, magnetic susceptibility and cyclicity, palaeobiogeography and palaeoecology. All contributions to the Special Issue are a result of the successful joint IGCP 596/ SDS collaboration and most contributions were presented at the Brussels meeting organised in 2015 at the Royal Belgian Institute of Natural Sciences (Fig. 3) . The abstracts of all communications presented during this meeting are available in . Contributions cover a wide range of topics and depositional settings in Australia, Europe (Belgium, Czech Republic, Germany, Latvia), Iran, Kyrgyzstan, Russia, Thailand and Vietnam. On behalf of the Guest Editors, we would like to express our sincere thanks to all contributing authors, the following reviewers: Thomas R. Becker, Carlton E. Brett, Gaël Clément, Pedro In the first publication, Blieck (2017) attempts successfully to evaluate the Great Eodevonian Biodiversification Event by investigating a group of fossil jawless vertebrates known as heterostracans and tries to relate it to global and biotic factors. The author provides convincing arguments that the Early Devonian peak in biodiversity in the marine realm A rich ostracod fauna from an open-marine palaeoenvironment from the Emsian/Eifelian boundary interval in Belgium is described by Casier et al. (2017) . This is the first description of that stratigraphic interval based on ostracods in the southern border of the Dinant Synclinorium. The fauna exhibits close relations with the Eifel Mountains in Germany as well as the Holy Cross Mountains in Poland. (Palaeobiodiversity and Palaeoenvironments 97(3); doi: 10. 1007/s12549-016-0236-1).
The following contribution has a focus on the Rhenish Massif (Eifel Synclines), a classical study area for Devonian rocks. Brocke et al. (2017) apply a multidisciplinary method set in order to investigate small-scale cycles in a monotonous calcareous mudstone from the Middle Devonian in the Hillesheim Syncline (Eifel area, Germany). Based on magnetic susceptibility data, sedimentology and palynofacies analysis, the investigated section indicates smallscale environmental oscillations. The combined application of variations in the palynological record and magnetic susceptibility data provide very useful insights into depositional The following two publications describe Devonian sections in Southeast Asia. The publication by Königshof et al. (2017b) focus on possible equivalents of global Devonian bioevents from the eastern Palaeotethys in northeast Vietnam, which was hitherto almost a terra incognita from the Devonian bioevent viewpoint. The pelagic facies setting of the Si Phai section, which is characterised by rare fauna, mainly composed of conodonts, styliolinids, trilobites and cephalopods, is very similar to other pelagic sections known from western Thailand. The middle to upper Devonian sediments do not provide a continuous sedimentological record but the conodont record enables to pinpoint some events, such as the Kačák and the Lower Kellwasser events. (Palaeobiodiversity and Palaeoenvironments 97(3); doi: 10.1007/s12549-016-0253-0). Udchachon et al. (2017) describe a section of the Loei fold belt (Indochina Terrane) in northeastern Thailand. The succession ranges from Middle Devonian to Famennian and is characterised by siltstones, sandstones, carbonates and cherts with intercalations of volcaniclastics. Most parts can be correlated with section in South China. The entire succession is also comparable to facies settings in the southern Rhenish Massif, Germany. Thanks to facies analysis and new biostratigraphic data the authors introduce a new facies model for the investigated area in northeastern Thailand. Accordingly, a depositional setting close to a continental margin is most likely. (Palaeobiodiversity and Palaeoenvironments 97(3); doi: 10.1007/s12549-017-0294-z).
Two successive publications provide new data on a section in Iran. Königshof et al. (2017a) studied the Zefreh section, a late Givetian to early Frasnian shallow-water section in central Iran. The multidisciplinary approach provides detailed information on the facies changes on a carbonate ramp. Microfacies analysis allowed the discrimination of 12 microfacies reflecting supratidal to open-marine palaeoenvironments. Geochemical redox proxies indicate a generally oxygen-rich palaeoenvironment. Sedimentary provenance using various trace elements suggests that the sediments are most likely derived from continental arc volcanics and support the previously published plate tectonic interpretations. A sea-level rise recorded in the Zefreh section close to the Givetian-Frasnian boundary represents probably the soc a l l e d F r a s n e E v e n t . ( P a l a e Lebedev and Lukševičs (2017) investigated the tetrapodomorph fish Glyptopomus bystrowi from the Upper Famennian of Latvia and central Russia in detail. Thanks to the excellent preservation of isolated elements, it was possible to describe internal cranial structures such as the posterodorsolateral expansion of prenasal pits, the passage of some nerves and blood vessels, which were unknown in the previously described species of this genus. The authors show that the vertebrate assemblages from the investigated areas fit within the Bothriolepis ciecere placoderm Zone (VII), which corresponds to the Upper posteraLower expansa conodont Zone interval. (Palaeobiodiversity and Palaeoenvironments 97(3); doi: 10.1007/s12549-016-0249-9). Söte et al. (2017) provide an important contribution to the ongoing discussion on the Devonian/Carboniferous (D/C) boundary. They present a bed-by-bed study of the Reigen Quarry (Rhenish Massif, Germany) based on a detailed stratigraphy. The authors describe new conodont assemblages from that section and discuss the ranges of different species in the frame of the revision of the D/C boundary. They also provide new data on conodont biofacies and describe a new Neopolygnathus biofacies that previously has not been recorded from deep-water pre-Hangenberg Crisis strata. The description of the ammonoid fauna, facies development and regional correlation complement this interesting contribution. (Palaeobiodiversity and Palaeoenvironments 97(3); doi: 10. 1007/s12549-017-0287-y).
The first-order global Hangenberg Crisis strongly affected the marine ecosystems with severe losses within the tabulate and rugose corals amongst other organisms. Denayer and Webb (2017) 
